ATLAS OF TUMOR PATHOLOGY 


Third Series 
Fascicle 13 


TUMORS OF THE 
LOWER RESPIRATORY TRACT 


by 

THOMAS V. COLBY, M.D. 

Laboratory of Medicine and Pathology 
Mayo Clinic Scottsdale 
Scottsdale. Arizona 85259 


MICHAEL N. KOSS, M.D. 

Co-Chairman 

Department of Pulmonary and Mediastinal Pathology 
Armed Forces Institute of Pathology 
Washington, D.C. 20306-6000 
and 

Department of Pathology 
University of Southern California 
Los.Angeles, California 90033 


WILLIAM D. TRAVIS, M.D. 

Co-Chairman 

Department of Pulmonary and Mediastinal Pathology 
Armed Forces Institute of Pathology 
Washington. D.C. 20306-6000 


Published by the 

ARMED FORCES INSTITUTE OF PATHOLOGY 
Washington, D.C. 

Under the Auspices of 

UNIVERSITIES ASSOCIATED FOR RESEARCH AND EDUCATION IN PATHOLOGY, INC. 

Bethesda, Maryland 
1995 

Accepted for Publication 
1994 


Available from the American Registry of Pathology 
Armed Forces Institute of Pathology 
Washington, D.C. 20306-6000 
ISSN 0160-6344 
ISBN 1-881041-17-4 


Source: https://www.industrydocuments.ucsf.edu/docs/rtcl0000 







1 


TUMORS OF THE LOWER RESPIRATORY TRACT 

Contents 


1. Introduction and Classification. 1 

WHO Histologic Typing of Lung Tumors. 1 

2. Embryologj', Anatomy, and Congenital, Developmental, and Related Lesions. 3 

Embryology .. 3 

Anatomy and Histology. 3 

Congenital Anomalies and Related Lesions... 11 

Bronchial Atresia (Regional or Segmental Pulmonary Oveiinflation). 12 

Pulmonary Sequestration (Intralobar Sequestration, Extralobar Sequestration). 12 

Congenital Bronchopulmonary Foregut Malformations. 16 

Bronchogenic Cysts (Bronchial Cysts). 16 

Congenital Cystic Adenomatoid Malformation . 20 

Infantile Lobar Emphysema/Polyalveolar Lobe . 25 

Pulmonary Interstitial Emphysema . 25 

Diffuse Pulmonary' Lymphangiectasia. 25 

Ectopic Tissues in the Lung. 25 

3. Specimen Handling and Special Techniques . 31 

Routine Handling of Lung Specimens . 31 

The Surgical Pathology Report. 32 

Special Techniques . 33 

Imraunohistochemistry... 33 

Flow Cytometry. 34 

Molecular Biology. 35 

4. Papillary Tumors of the Bronchial Tree. 49 

Squamous Papilloma and Papillomatosis ...... 49 

Other Bronchial Papillomas. 55 

Columnar Papillomas. 55 

Inverted Papillomas or Polyps. 55 

Transitional CeU Papillomas ...*. 55 

Fibroepithelial Polyps. 55 

5. Miscellaneous Benign Epithelial Tumors. 57 

Papillary Adenoma of Type 2 Cells. 57 

Alveolar Adenoma. 59 

Mucinous Cystadenoma and Pulmonary Mucinous Tumors of Borderline Malignancy .. 61 

Mucinous Cystadenoma. 61 

Mucinous Cystic Tumor of Borderline Malignancy. 61 

6. Tumors of Salivary Gland Type. 65 

Mucoepidermoid Carcinoma of the Bronchus . 65 

Adenoid Cystic Carcinoma . 72 

Mucous Gland Adenoma.. 79 

Pleomorphic Adenoma.:. 82 

Acinic Cell Carcinoma. 84 

Other Rare Salivary Gland Tumors ......^... 85 

Carcinoma ex Pleomorphic Adenoma (Malignant Mixed Tumor). 85 



Source: https://www.industrydocuments.ucsf.edu/docs/rtclOOOO 




2063632652 














































Tumors of the Lower Respiratory Tract 


Pulmonary Oncocytoma ...... 86 

Myoepithelioma . 86 

Adenosquamous Carcinoma with Amyloid-like Stroma. 87 

7. Carcinoma of the Lung: Overview, Incidence, Etiology, and Screening . 91 

Overview. 91 

Incidence . 93 

Etiology and Pathogenesis . 93 

Screening for Carcinoma of the Lung. 97 

8. Carcinoma of the Lung: Clinical and Radiographic Aspects, Spread, Staging, 

Management, and Prognosis . 107 

Demographics . 107 

Signs and Symptoms. 107 

Radiographic Features. 110 

Patterns of Spread . 112 

Staging, Management, and Prognosis . 117 

9. Morphologic Diagnosis and Heterogeneity of Carcinoma of the Lung . 135 

Diagnosis. 135 

Histologic Heterogeneity. 136 

10. In Situ and Early Invasive (Occult) Squamous CeU Carcinoma. 145 

11. Squamous Cell Carcinoma and Variants. 157 

12. Adenocarcinoma of the Lung (Excluding Bronchioloalveolar Carcinoma). 179 

13. Bronchioloalveolar Carcinoma . 203 

14. Small Cell Carcinoma and Large Cell Neuroendocrine Carcinoma. 235 

Small Cell Carcinoma.^. 235 

Large Cell Neuroendocrine Cardnoma . 248 

15. Large Cell Carcinoma. 259 

16. Adenosquamous Carcinoma, Carcinomas Associated with Cysts, and Paget Disease 

of the Bronchus. 279 

Adenosquamous Carcinoma. 279 

Carcinomas Associated with Lung Cysts. 282 

Pagetoid Spread of Adenocardnoma in the Bronchus. 285 

17. Carcinoid and Other Neuroendocrine Tumors. 287 


Unifying Concept of Pulmonaiy Neuroendocrine Tumors. 

Neuroendocrine Cells. 

Classification. 

Neuroendocrine Body. 

Carcinoid Tumorlet. 

Typical and Atypical Carrinoid Tumors. 

Unusual Lung Tumors with Neuroendocrine Differentiation. 

Paraganglioma. 

Primitive Neuroectodermal Tumor (Malignant Small Round Cell 
Tumor of the Thoracopulmonary Region) . 

Neuroendocrine Carcinoma with Rhabdoid Phenotype . 

Amphicrine Neoplasms. 

Neuroendocrine Cardnoma with Anemone Features. 

Pulmonary Blastema with Neuroendocrine Differentiation. 

Hamartoma.i' 




Source: https://www.industrydocuments.ucsf.edu/docs/rtclOOOO 


2063632653 




















































Contents 


19. Fibrous and Fibrohistiocytic Tumors and Tumor-Like Conditions. 327 

Inflammatory Pseudotumor (Plasma Cell Granuloma-Histiocytoma Complex) . 327 

Intrapulmonary Localized Fibrous Tumor. 338 

Malignant Fibrous Histiocjtoma . 342 

Miscellaneous Fibrous and Fibrohistiocj'tic Tumors.,. 345 

Fibrosarcomas. 345 

Mesenchjmial Cystic Hamartoma . 348 

Cystic Fibrohistiocytic Tumor. 348 

20. Miscellaneous Mesenchymal Tumors. 353 

Smooth Muscle Tumors. 353 

Leiomyoma and Leiomyosarcoma . 353 

Lymphangioleiomyomatosis. 356 

Glomus Tumors. 360 

Skeletal Muscle Tumors . 361 

Rhabdomyoma. 361 

Rhabdomyosarcoma . 361 

Vascular Tumors and Related Conditions . 361 

Vascular Malformations. 361 

Hemangioraa/Hemangiomatosis. 361 

Ljanphatic Lesions . 363 

Epithelioid Hemangioendothelioma. 363 

Kaposi Sarcoma. 368 

Pulmonary Angiosarcoma. 371 

Pulmonary Artery and Vein Sarcomas.:. 371 

Hemangiopericytoma . 378 

Neurogenic Tumors. 378 

Neurilemmoma and Neurofibroma . 378 

Neuroma and Ganglioneuroma . 378 

Malignant Nerve Sheath Tumors. 378 

Malignant Psammomatous Melanotic Schwannoma . 380 

Neuroblastoma and Ganglioneuroblastoma . 380 

Meningioma. 380 

Cartilaginous Tumors of the Lung. 382 

Chondroma . 382 

Chondroblastoma . 384 

Chondrosarcoma. 384 

Osteogenic Tumors . 385 

Metaplastic Bone. 385 

Osteosarcoma . 385 

Fatty Tumors. 386 

Lipomas. 386 

Liposarcomas . 388 

Aveolar Soft Part Sarcoma ...' .^.. 388 

21. Mixed Epithelial and Mesenchymal Tumors .... 395 

Pulmonary Blastema. 395 

Well-Differentiated Fetal Adenocarcinoma (Pulmonary Endodermal Tumor). 395 

Biphasic Pulmonary Blastema. 403 


Source: https://www.industrydocuments.ucsf.edu/docs/rtcl0000 


2063632654 




















































Tumors of the Lower Respiratory Tract 


Cystic and Pleuropulmonary Blastomas of Childhood ... 406 

Carcinosarcomas of the Lung. 411 

22. Lymphoreticular Disorders... 419 

Histologic Diagnosis of Lymphoreticular Infiltrates in the Lung... 419 

L 3 unphatics and Lymphoid Tissue of the Lcmg... 420 

Benign/Hjrperplastic Disorders. 422 

Pseudolymphoma (Nodular Lymphoid Hyperplasia) . 422 

Lymphocytic Interstitial Pneumonia and Diffuse Lymphoid Hyperplasia. 424 

Giant Lymph Node Hyperplasia (Castleman Disease). 427 

Angioimmunoblastic Lymphadenopathy. 427 

Lymphomas Presenting in Lung . 428 

Small Lymphocytic and Lymphoplasmacytoid Lymphomas 
(Including Low-Grade Lymphomas of BALT) . 428 

Angiocentric Immunproliferative Lesions/Angiocentric Lymphomas 
(Lymphomatoid Granulomatosis/Polymorphic Reticulosis) . 434 

Large Cell Lymphoma of Lung. 443 

Intravascular Lymphomatosis (Angiotropic Lymphoma). 443 

Other Non-Hodgkin Lymphomas of the Lung. 445 

Primary Pulmonary Hodgkin Disease. 445 

Plasmacytoma. 449 

Mast Cell Tumor. 449 

Systemic Lymphoproliferative Disorders Secondarily Involving the Lung . 450 

Hodgkin Disease and Non-Hodgkin Lymphoma. 450 

Cutaneous T-Cell Lymphomas (Mycosis Fungoides and Sezary Syndrome) .. .^. 450 

Malignant Histiocytosis . 451 

Multiple Myeloma. 451 

Systemic Light Chain Disease. 453 

Waldenstrom Macroglobulinemia . 453 

Post-Transplant Lymphoproliferative Disorders and Related Conditions. 454 

Leukemic Infiltrates Involving the Lung. 454 

Myelofibrosis. 459 

Pleural Involvement in Lymphoreticular Disorders . 459 

Ptolmonary Histiocyd;osis X. 459 

23. Miscellaneous Tumors and Tumors of Uncertain Histogenesis. 465 

Sclerosing Hemangioma of the Lung. 465 

Clear Cell Tumor. 471 

Minute Pulmonary Meningothelial-Like Nodules (“Minute Pulmonary 

Chemodectomas”). 474 

Granular CeU Tumor. 478 

Thymoma. 482 

Malignant Melanoma. 483 

Germ Cell Tumors. 487 

Teratoma.'. 488 

Choriocarcinoma. 490 

Ependymoma. 490 

24. Tumor-Like Conditions.• ■ • •.. 495 

Nodular Pulmonary Amyloidosis. 495 

Pulmonary Hyalinizing Granuloma. 501 


Source: https://www.industrydocuments.ucsf.edu/docs/rtcl0000 


2063632655 


















































Contents 


Pulmonary Malakoplakia._. 506 

Roimded Atelectasis . 510 

Focal Organizing Pneumonia . .. 513 

25. Tumors Metastatic to the Lung. 517 

Patterns of Metastasis . 517 

Multiple Nodules. 517 

Ljunphangitic Metastasis .. 517 

Endobronchial Metastasis ...-. 524 

Metastatic Tumor Embolization. 526 

The Solitary PuLmonarj- Metastasis. 530 

Pleural Metastases. 531 

Distinctive Histologic Growth Patterns. 533 

Lepidic Growth Pattern . 533 

Interstitial Spread. 534 

Cavitation . 534 

Special Techniques and Their Application in the Diagnosis of 

Pulmonary Metastases. 538 

Immunohistochemistry. 538 

Electron Microscopy . 541 

Oncogenes. 541 

Index. 547 


Source: https://www.industrydocuments.ucsf.edu/docs/rtclOOOO 


2063632656 
























7 

CARCINOIVIA OF THE LUNG: 

OVERVIEW, INCIDENCE, ETIOLOGY, AND SCREENING 


OVERVIEW 

The common tumors generally included under 
the heading of carcinoma of the lung are squa¬ 
mous cell carcinoma, adenocarcinoma, small cell 
carcinoma, and large cell carcinoma. These tu¬ 
mors share many clinical, etiologic, and demo¬ 
graphic features. Bronchioloalveolar carcinoma 
is included as a subset of adenocarcinoma, al¬ 
though it has distinctive features of its oum. 

The incidence of the major subtypes of lung 
carcinoma from several large studies is shown in 
Table 7-1. Most recent series suggest that adeno¬ 
carcinoma is now more frequent than squamous 
cell carcinoma (fig. 7-1) (4,12): in fact, adenocar¬ 
cinoma represented 56 percent of the lung carci¬ 
nomas seen at Johns Hopkins Hospital from 1984 
to 1987 (7). Adenocarcinoma is the most frequent 
subtype seen in women. A relative decrease in the 
incidence of squamous cell carcinoma has accom¬ 
panied the increased incidence of adenocarci¬ 
noma from the 1960s through the 1980s (1,3,6, 
12,13j. Although not as dramatic as the change 


Table 7-1 

FREQUENCY OF SUBTYPES 
OF LUNG CARCINOMA 


Cell Type 

Percent 
of Cases 

A Series prior to 1985 (21,139 cases) 


Squamous ceil carcinoma 

37.7 

Adenocarcinoma 

24.9 

(Bronchioloalveolar carcinoma: 

2-2.8%)** 

Small cell carcinoma 

18.7 

Large cell carcinoma 

18.7 

B. SEER data 1983-1987 (59,260 casesf 

Squamous cell carcinoma 

30.0 

Adenocarcinoma 

32.2 

(Bronchioloalveolar carcinoma; 

0.7%) 

Small cell carcinoma 

18.2 

Large cell carcinoma 

9.7 

Other/unspecified 

9.9 


*From references 3,6,11,13 primarily reflecting 
data from prior to 1985. 

**From references 10,13. 

^From reference 12. 



Figfure 7-1 

INCIDENCE OF LUNG CARCINOMA 

The changing incidence of squamous cell carcinoma, adenocarcinoma, bronchioloalveolar carcinoma, and large cell carcinoma 
is shown for three time periods between 1962 and 1986. The period from 1983 to 1986 is represented by 100 consecutive CBseS"sSeft '' 

by the National Cancer Institute, whereas data for the two earlier periods are from the literature. (Fig. 1 from Gazdar AF, Linnoila 
RI. The pathology of lung cancer—changing concepts and newer diagnostic techniques. Semin Oncol 1988;15;215-25.) 
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in the incidence of adenocarcinoma, the inci¬ 
dence of small cell carcinoma has also increased 
in recent years (12). 

A relative decrease in the percent of central 
tumors compared to peripheral tumors has ac¬ 
companied the change in histologic subtypes. 
Auerbach and Garfinkel (1) found a decrease in 
central tumors from 69.3 to 57.3 percent when 
comparing tumors seen prior to 1978 to those 
seen between 1986 and 1989. 

The change in incidence in lung carcinoma 
subtypes may, in part, be related to changing 
histologic criteria in addition to a real change in 
incidence (4). Another complicating factor is the 
histologic heterogeneity of lung carcinomas, dis¬ 
cussed in chapter 9. 

Multiple separate primary carcinomas of the 
lung are well recognized; the incidence ranges 
from 0.2 to 2.0 percent of patients with lung 
carcinoma (2,9). Synchronous lung carcinomas 
are seen in about 2 percent of surgical resections 
(21. Of 50 cases reported by Martini and 
Melamed (8), 18 were synchronous and 32 were 
metachronous, with the time to diagnosis of the 
second tumor varying from 4 months to 16 years. 
The criteria for the diagnosis of two (or more) 
separate primary lung carcinomas used by Mar¬ 
tini and Melamed are shown in Table 7-2. Squa¬ 
mous cell carcinoma is the most common subtype 
associated with multiple primary carcinomas of 
the lung, but many combinations occur (Table 7-3), 


While gross and histologic features can be used 
to recognize synchronous primary lung carcino¬ 
mas, other techniques may also be useful. 
Ichinose et al. (5) have shown that DNA flow 
cytometric patterns can separate s 3 mchronous 
primaries from intrapulmonaiy metastases. 


Table 7-2 

CRTTEKIA FOR DIAGNOSIS OF 
MULTIPLE PRIMARY 
LUNG CARCINOMAS* 


Metachronous tumors 

1. Histologically different** 

2. Similar histologj-. but 

a. free interval between tumors of at least 2 years 

b. origin from carcinoma in situ 

c. second tumor in different lobe, but 

1 1) no carcinoma in lymphatics common to 
both tumors 

(2) no extrapulmonary metastases at time 
of diagnosis 
Synchronous tumors 

1. Tumors physically distinct and separate 

2. Histology 

a. different** 

b. same, but in different segments if 

11) origin from carcinoma in situ 

1 2) no carcinoma in lymphatics common to both 

1 3) no extrapulmonary' metastases at time of 
diagnosis 


'■'Modified from reference S. 
**Adequate sampling mandatory. 


Table 7-3 

HISTOLOGY OF MULTIPLE PRIMARY LUNG CARCINOMAS* 


Cell Type 


Synchronous 

Metachronous 

Total 

Tumor #1 

Squamous 

Tumor #2 

Squamous 

31 

59 

90 

Squamous 

Adenocarcinoma 

21 

10 

31 

Squamous ^ 

Small cell 

22 

13 

35 

Squamous 

Large cell** 

S 

6 

11 

Adenocarcinoma 

Adenocarcinoma 

4 

9 

13 

Adenocarcinoma 

Small cell 

5 

1 

6 

Adenocarcinoma 

Large cell** s 

1 

2 

3 

Small cell 

Large cell** 

1 

0 

1 

Large cell** 

Large cell** 


_L 

5 



94 

101 

195 


^Modified from reference 8 1 195 cases). 

**Includes some unspecified “anaplastic carcinomas." 
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INCIDENCE 

Data from the American Cancer Society show 
that in 1989 carcinoma of the lung was the most 
common cause of cancer death in both men (34.1 
percent) and women (19.9 percent) (14). It was 
estimated that 170,000 new cases of lung carci¬ 
noma would occur in the United States in 1993. 
Based on data from the United States for the 
year 1989,23.1 percent of all deaths were due to 
cancer, and 27.6 percent of the cancer deaths 
were due to carcinoma of the limg. Thus, approx¬ 
imately 6.4 percent of all deaths in the United 
States in 1989 were due to carcinoma of the lung. 
The age-adjusted cancer death rate for 1989 was 
close to 30 per 100,000 for women and 75 per 
100,000 for men. 

Death rates from lung carcinoma have risen 
steadily in both men and women since 1930, with 
the rise occurring earlier and being steeper in 
men. However, since 1970therehasbeenasharp 
increase in the death rate in women (14). Evi¬ 
dence suggests that the rate may be leveling off 
or decreasing in men as a result of public health 
efforts to curb cigarette smoking (15). 

ETIOLOGY AND PATHOGENESIS 

Cigarette smoking is the major cause of lung 
carcinoma in the United States and aroimd the 
world (38). The lung carcinoma rate parallels 
smoking prevalence. There is a dose-response 
association between the number of cigarettes 
smoked and the risk of carcinoma of the lung, 
although changes in the composition of ciga¬ 
rettes and the introduction of filter tips in the 
1950s and 1960s have lowered the risk of lung 
carcinoma 20 to 50 percent compared to earlier 
“high yield” cigarettes (30). The risk of lung 
carcinoma is also increased in individuals who 
are pipe or cigar smokers. The increased risk in 
smokers is seen for all types of lung carcinoma 
and decreases exponentially over time after ces¬ 
sation of cigarette smoking (38). 

There are some variations in the histologic 
subtypes among smokers and nonsmokers 
(Table 7-4), with squamous cell carcinoma and 
small cell carcinoma showing the highest associ¬ 
ation "ftith smoking. It is possible that the recent 
decrease in the frequency of squamous cell car¬ 
cinoma is in part attributable to changing smok¬ 
ing habits (1). 


Table 7-4 

HISTOLOGIC SUBTYPES OF 
CARCINOMA IN SMOKERS 
AND NONSMOKERS* 


Histologic Suhtj^je 

Non- 

Smokers** smokerst 
(percent) (percent) 

Squamous cell carcinoma 

98.0 

2.0 

Adenocarcinoma 

81.6 

18.4 

Bronchioloalveolar carcinoma 

70.6 

29.4 

Small cell carcinoma 

98.9 

1.1 

Large cell carcinoma 

93.3 

6.7 


’^Modified from reference 9. 
**No. = 2708. 

'No, = 218. 


Some 80 percent of lung cancer deaths in men 
and 75 percent of lung cancer deaths in women 
can be attributed to cigarette smoking (38,45 ). In 
addition, it has been estimated that up to 25 
percent of cases of carcinoma of the lung occur¬ 
ring in nonsmokers are the result of passive 
exposure to cigarette smoke (38), but this is 
controversial. In one study, 17 percent of the 
cases of lung carcinoma in nonsmokers were 
ascribed to childhood or adolescent exposure to 
cigarette smoke (31). 

Asbestos is thought to be responsible for 4,000 
to 6,000 deaths per year from carcinoma of the 
lung, less than 5 percent of all lung carcinoma 
deaths (38). A strong dose-response effect has 
been shown between asbestos exposure and the 
development of lung carcinoma; all histologic 
subtypes can be seen. There is a synergistic and 
multiplicative effect of smoking and asbestos 
exposure, with a 50-fold increased risk in the 
development of lung carcinoma (25). Although 
there is considerable debate, several studies sug¬ 
gest that the increased risk of lung carcinoma 
from asbestos exposure is only seen in those 
individuals with concomitant asbestosis (50). 

Radiation is known to cause lung carcinoma 
(38). The association has been most extensively 
studied in uranium miners exposed to radon 
daughters. All t 3 rpes of lung carcinoma are seen, 
and'a dose effect has been shown. An increased 
incidence of lung carcinoma has also been found in 
atom bomb survivors (35). Recently, considerable 
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Table 7-5 

AGENTS OR EXPOSURES WITH PROVEN, PUTATIVE, 
OR POSSIBLE ASSOCIATION WITH LUNG CARCINOMA* 


Ionizing radiation 
Asbestos 

Chloromethyl ether 
Cadmium 
Arsenic 
Chromate 

Hexavalent chromium 

Formaldehyde 

Terpenes 

Vinyl chloride 

Soots and tars 

Nickel 

Isopropyl oils 
Antimony 
Beryllium 
Cobalt 

Iron and iron oxides 
N -nitrosamines 

Polycyclic aromatic hydrocarbons 
Fibrous zeolites 
Manmade mineral fibers 
Fiberglass 
Glass wool 
Rock wool 
Ceramics 
Alumina 
Lead 


*From references 17,25,28,35,38,39,42,43. 


Tobacco smoke 
Shipyard workers 
Truck drivers 
Plumbers 
Rubber workers 
Coke oven workers 
Petroleum workers 
Mustard gas workers 
Coal tar workers 
Roofers 

Pottery workers 
Printers 

Female cosmetologists 
Leather industry workers 
Building laborers 
Construction workers 
Cooks, bakers, and pastry cooks 
Asbestos insulation workers 
Uranium miners 

Other factors; 

Lung scarring 

Alveolar epithelial hyperplasia/ 
bronchioloalveolar cell adenoma 
Previous bronchogenic carcinoma 
Hereditary carcinomas fchapter 3) 


interest has centered on nonoccupational expo¬ 
sure to radon daughters in houses. Some studies 
have suggested that 5 to 15 percent of lung 
carcinomas are due to nonoccupational radon 
daughter exposure and that these cases account 
for 25 percent of the lung carcinomas occurring 
in nonsraokers and for 5 percent of the carcino¬ 
mas in smokers (38). These figures have not been 
universally accepted (21), and further confirma¬ 
tory studies are needed. 

There has been some evidence that diet may 
have an impact on the risk of carcinoma ofthe lung. 
In a review by Colditz et al. (26), it was concluded 
that vitamin C might offer slight protection from 
lung carcinoma, but there was little evidence that 
vitamin C or vitamin E had any major influence. 
Data on a protective effect from selenium was 
limited but thought to warrant further study. 


There are a number of other potential or 
proven agents or exposures associated with an 
increased risk of lung carcinoma, as shown in 
Table 7-5. In some instances, an occupation is 
associated with an increased incidence of carci¬ 
noma of the lung, but the specific causative agent 
or agents have not been identified. Some of the 
exposures listed in Table 7-5 are controversial 
and not universally accepted as proven or puta¬ 
tive causes of lung carcinoma. 

The concept of scar carcinoma, namely carci¬ 
noma ofthe lung arising in the vicinity of fibrosis 
(fig. 7-2), has been accepted for decades since 
first being studied in 1930s (17.36). In early 
studies, most of the scars were attributed to old 
tuberculosis: however, infarcts, pneumoconio- 
ses, and other chronic inflammatory scarring of 
the lung have all been implicated in individual 
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I 

1 

i 



Figure 7-2 
SCAR CANCER 

Small peripheral adenocarcinoma, bronchioloalveolar type, arising in association with a scar. There is a scar associated 
with some pleural puckering (arrows i around and from which the darker-appearing neoplasm extends. The surrounding lung 
tissue shows no significant fibrosis and only slight emphysema. In the majority of such cases, including this, the scar is probabl.v 
the result of. rather than a precursor to, the carcinoma. 

cases. In some studies, nearly half of all peripheral 
lung carcinomas were associated with a scar (36), 

The concept of scar carcinoma suggests that pro¬ 
gressively atypical epithelial changes develop in 
the vicinity^ of the scar and ultimately lead to the 
development of a carcinoma. Meyer and Liebow 
(36) and subsequently others (27,51) described 
lung carcinomas arising in association with diffuse 
interstitial fibrosis and drew an analogy with carci¬ 
nomas associated with focal scarring. 

Tumors that have been labeled scar carcinomas 
are typically subpleural adenocarcinomas associ¬ 
ated with retraction or puckering of the overlying 
pleura (17,22), Cut sections grossly show a central 
sclerotic zone ("scar") which may have anthracotic 
pigment and necrosis. Larger tumors (greater 
than 3 cm) tend to have more extensive scarring 
(22), In 1980, Shimosato (49) and subsequently 
others (22,32-34) suggested that the fibrosis in 
most scar carcinomas is a secondary phenome¬ 
non rather than a precursor to the carcinoma. 

Studies showed that the scar had abundant type 
in collagen and an extracellular matrix, suggest¬ 
ing an ongoing fibrosing process supporting a 
host response to the neoplasm (19,34), i.e., these 
tumors were desmoplastic carcinomas rather 
than carcinomas arising in scars. 


Nevertheless, there are well-documented 
cases (52) showing carcinomas arising adjacent 
to old granulomas (fig. 7-3). It seems likely, how¬ 
ever, that most scars are a secondary reaction 
rather than a preexisting lesion. This phenome¬ 
non is easily appreciated in sclerosing bronchi¬ 
oloalveolar carcinomas (chapter 13) in which 
only the alveolar walls involved by carcinoma 
are inflamed, thickened, and fibrosed. 

While the pathogenesis of many scar carcino¬ 
mas has been questioned, the concept of atypical 
type 2 cell hyperplasia {atypical adenomatous hy¬ 
perplasia) as a precursor of adenocarcinoma has 
been reemphasized in several recent studies 
(23,40,41). Nakanishi (40) studied 15 cases of 
alveolar epithelial hyperplasia coexistent with 
limg carcinoma in a series of 70 patients. A 
histogenetic relationship between atypical alve¬ 
olar epithelial hyperplasia (fig. 7-4) and puhno- 
naiy adenocarcinoma was suggested. Nakayama 
et al. (41) showed that atypical adenomatous 
hyperplasia (probably synonymous with atypical 
alveolar epithelial hyperplasia) was a clonal 
cellular proliferation closely related to well-dif¬ 
ferentiated adenocarcinoma. 

In a series of 247 consecutive resections for 
carcinoma of the lung, Miller (37) found 23 (9.3 
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Figure 7-3 
SCAR C.ANCER 

Adenocarcinoma arising in association with a scar. These sections are from a physician's wife who had been followed for 
several decades with a stable lesion on her chest radiograph followinga documented bout of tuberculosis. When the radiographic 
lesion started to enlarge, it was resected. Evidence of old healed granulomatous disease with increased anthracotic pigmen¬ 
tation can be seen at the left: in the surrounding fibrotic tissue, there is a proliferation of atypical epithelium i lower left and 
right! which was continuous with an obvious bronchioloalveolar carcinoma extending from the edge of the fibrotic region. This 
case probably represents a bona fide scar carcinoma. 


percent) with incidental 1- to 7-mm nodules sep¬ 
arate from the main tumor mass. These nodules 
were composed of localized proliferations of type 
2 cells and were termed bronchioloalveolar cell 
adenomas (chapter 13). Miller concluded that 
these adenomas might be an early or premalig- 
nant phase of glandular neoplasia with the po¬ 
tential for progression to carcinoma. She also 
suggested that the finding might explain some 
examples of multicentricity among lung carcino¬ 
mas. In individual cases, atypical type 2 cell 
hyperplasia and bronchioloalveolar cell ade¬ 
noma may be difficult to distinguish and part of 
a disease spectrum. 

Patients with a history of a resected lung car¬ 
cinoma have an appreciable risk of a second lung 
carcinoma. The risk is in the range of 2 percent 
per year for patients with long-term survival 


ro 
o 

Cri 
CO 

(over 5 vears) (44). Long-term survivors of small O' 
cell carcinoma have a particularly high risk. ro 
estimated at 5.6 percent per person year (29). ^ 

Bejui-Thivolet et al. (20) have used in situ i 
hybridization to show the presence of human 
papilloma virus iHPV') DNA in well-differenti¬ 
ated squamous cell carcinomas of the lung. They 
studied 33 carcinomas and 10 bronchial squa¬ 
mous metaplasias with probes for HPV subtypes 
6, 11. 16. and 18. Of the 43 cases studied. 7 
showed the presence of HPV DNA. including 1 
case of squamous cell metaplasia and 6 cases of 
squamous cell carcinoma. Fourteen of the 43 
lesions studied showed condylomatous changes, 
and 6 of the 7 cases in which HPV was detected 
by in sitii hybridization came from among these 
cases. The authors suggested that HPV infection 
might be potentially oncogenic in the lung as it 
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Figure 7-4 

ATTiTICAL ADENOMATOUS HYPERPLASLA 

There is a relati vely uniform proliferation of low cuboidal 
cells lining alveolar walls. Obvious mtologic features of ma¬ 
lignancy are not present. Such atj’pical adenomatous hj-per- 
plasia is thought by some to represent a precursor to the 
development of adenocarcinoma of the lung, and such prolif¬ 
erations are relatively common in lungs resected for 
bronchioloalveolar carcinoma, as was this case. 

is in the genital tract, but that its exact role 
needs to be clarified. 

The morphogenesis of squamous cell carci¬ 
noma has been studied for several decades and 
is illustrated cytologically in figures 7-5 and 7-6. 
Since cigarette smoking increases squamous 
metaplasia (46), most studies have used serial 
sputum cytology specimens from cigarette smok¬ 
ers {16.18) or uranium miners. There is loss of 
normal ciliated lining cells with basal cell hyper¬ 
plasia, low columnar nonciliated epithelium or 
squamous metaplasia, and increasing degrees of 
atypical squamous metaplasia (dysplasia), ulti¬ 
mately followed by squamous cell carcinoma in 
situ (CIS) and invasive squamous carcinoma. 
Not all cases of CIS of the bronchial tree are 
progressive, tind some cases regress (24). 


In practice, CIS is not found in all patients 
with squamous ceU carcinoma and rarely in 
other histologic subtj'pes of lung carcinoma. In 
meticulous studies of serial sections of the bron¬ 
chial tree taken at autopsy, Auerbach (18) found 
CIS in 26 of 34 patients with carcinoma of the 
lung. It is much less frequently seen in surgical 
specimens, as shown in the data of Rilke et al. 
(47): CIS at the bronchial margin was seen in 
only 3 of 67 cases (4.5 percent). 

The molecular biologj' of carcinogenesis in the 
lung is discussed in chapter 3. 

SCREENING FOR CAJRCINOMA 
OF THE LUNG 

In 1971, the National Cancer Institute organ¬ 
ized the Cooperative Early Lung Cancer Group 
to develop a screening program for the early 
detection of lung cancer in high-risk patients 
(male smokers) (53—59). Over 30.000 men older 
than 45 years of age enrolled in the study; at the 
time of entry into the study, none were suspected 
of having a lung carcinoma. Sputum cytologic ■ 
examinations, chest radiographic examination, 
or both, along with a medical questionnaire were 
the screening tests used. 

At the initial screening, a number of unsus¬ 
pected lung carcinomas were identified, and 
these comprised the prevalence cancers in the 
study. The proportion of cases in each histologic 
subtype was roughly similar to that for all cases 
of lung carcinoma. Fifty-nine percent of the tu¬ 
mors were resectable, a figure more than double 
that seen in routine practice. 

The carcinomas that were detected during the 
study period represented the incidence cancers. 
A number of both the prevalence cancers and the 
incidence cancers represented early or occult 
lung carcinomas, which are described and illus¬ 
trated in chapter 10. 

The study showed that with screening there 
was increased cancer detection, resectability, 
and survival. Regarding the incidence cancers: 
less than half were actually detected by the 
screening studies despite rescreening every 4 
months; cancers detected on the basis of clinical 
symptoms were rarely resectable; and the pro¬ 
portion that could be completely resected was 46 
percent for the screened group and 32 percent for 
the control group (58). 
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Figure 7-5 

MORPHOGENESIS OF CARCINOMA OF THE LUNG , 

Mild (A-C), moderate (D-Fl, and severe IG-I) squamous atypia idysplasiaJ developing in uranium miners followed with 
sputum cytology examinations. (Courtesy of Drs. G. Saccomanno and M. Turner. Grand Junction, CO.) 
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Figure 7-6 (Continued 
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Table 7-6 

DETECTION OP LUNG CARCINOMA 
BY SCREENING METHODS^ 




% Detected By: 


XRay 

Cytology 

XRay& 


Only 

Only 

Cytology 

Squamous cell 
(no. =81) 

38 

43 

19 

Adenocarcinoma 
(no. = 43) 

81 

0 

19 

Small cell 
(no. = 15) 

73 

0 

27 

Large cell 
(no. = 20) 

75 

10 

15 


‘■Trom reference 54. 


The screening methods showed considerable 
variability in effectiveness for identifying histo¬ 
logic subt 5 rpes of lung carcinoma (Ihble 7-6). Over 
60 percent of the squamous cell carcinomas had 
a positive cytology, and in data not shown, it was 
found that 95 percent of all cancers detected by 
cytology alone were squamous cell carcinomas 
154). For the other histologic subtypes, the chest 
radiograph was the primary means of detection. 

The 5-year survival data from the Mayo Lung 
Project revealed the following 156): cases identi¬ 
fied cytologically, about SO percent; cases identi¬ 
fied roentgenographically, about 35 percent; 
symptomatic cases, about 10 percent; every 4- 
month screened group, about 35 percent; and 
control group, less than 15 percent. 

Despite these findings, there vvas no statisti¬ 
cally significant difference in the mortality rate 
for lung carcinoma between the study groups 
and the control groups, either in the Mayo Lung 
Project or in the other two institutions taking 
part in the study (56). For the Mayo Lung Proj ect 
there were 122 lung cancer deaths in the study- 
group (3.2 per 1000 man years) and 115 lung 
cancer deaths in the control group (3.0 per 1000 


man years). Although tumors were detected in 
the study group and overall there was a better 
5-year survival, the fact that the mortality rates 
were similar between the study group and the 
control group suggests that some of the tumors 
identified in the study group may have been 
relatively indolent and slower growing and 
might not have manifested for a number of years 
or been fatal. It is possible that these tumors had 
inherent biologic differences from the more 
highly aggressive tumors that accounted for the 
mortality in beth groups and characterize most 
lung carcinomas. 

Other general conclusions from the Coopera¬ 
tive Early Lung Cancer Group study were (54): 
1) the chest roentgenogram is the most sensitive 
method available for detecting lung carcinoma, 
and 2) sputum cytology is the most effective 
method for detecting early squamous cell carci¬ 
noma of the lung. 

These studies suggest that mass screening 
does not have a significant impact on mortality, 
and thus question the usefulness of mass screen¬ 
ing for carcinoma of the lung. This conclusion has 
recently been challenged by Strauss et al. i61) 
who concluded, after reworking the original data, 
that there was insufficient evidence to firmly 
recommend against lung cancer screening. 

While mass screening may not have a signifi¬ 
cant impact on mortality, screening of select 
populations may yet prove to be of value. 
Saccomanno et al. i60i described the results of 
periodic cytologic examinations of sputum in a 
group of uranium miners, a subset now known 
to be at high risk for the development of lung 
carcinoma. In this group, abnormalities pro¬ 
gressed in degree over time and changes were 
readily detectable in sputum cytology specimens 
(figs. 7-5, 7-6); there was an average of 4 to 5 
years during which indiriduals would e.xfoliate 
abnormal cells prior to the development of an 
invasive carcinoma. The authors concluded that 
this 4- to o-year period represented a window of 
opportunity for early detection and treatment. 
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